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4-1-8 Honmachi, Kawaguchi, Saitama, 332-0012 Department of Physics, Graduate School of Science, Kyoto
University, Sakyo-ku, Kyoto, 606-8502 E-mail(MT): tsujimot@cr.scphys.kyoto-u.ac.jp We report on the
discovery and analysis of an X-ray pulsar, AX J0058−7203, in the Small Magellanic Cloud. This pulsar
exhibits coherent pulsations at P = 280.3 s with a double-peak structure. The X-ray spectrum is well tted
with a simple power-law model of photon index Γ  0.7. No signicant change of the pulsation period
over the observation was found. A comparison with ROSAT observations in the same eld reveals that
AX J0058−7203 is highly variable, and is most likely a Be star binary pulsar. Magellanic Clouds | Pulsars:
individual (AX J0058−7203) | X-rays: binaries headings
Introduction X-ray binary pulsars (here XBPs) constitute a bright class of X-ray sources in the sky,
and have been major objects for X-ray astronomy. Sporadic mass accretion from a companion star onto a
spinning neutron star makes this class to be variable X-ray sources. X-ray binaries with a Be star companion
(here Be-XBPs) are the most variable subclass; occasional outbursts may be caused by mass-ejection episodes
of a companion Be star or by encounters with a dense stellar wind region along with a highly eccentric orbit
of a neutron star. The average luminosity is generally lower than ordinal XBPs, and is typically in the range
of 1034{1035 erg s−1. This moderate luminosity together with a limited duty ratio of the outbursts has
prevented us to perform a complete survey of this class with the conventional non-imaging instruments. The
imaging instruments on-board the Einstein and ROSAT satellites greatly improved the detection threshold.
Since XBPs (also Be-XBPs) generally exhibit a hard X-ray spectrum, contemporary hard X-ray satellites,
ASCA (Advanced Satellite for Cosmology and Astrophysics), RXTE (Rossi X-ray Timing Explorer), and
Beppo-SAX, further enhance the detection probability for this class of X-ray sources (XBPs and Be-XBPs).
In fact, multiple observations of the Small Magellanic Cloud (SMC) caused a rush of X-ray pulsar
discoveries (Yokogawa et al. 1999). Among the known 16 X-ray pulsars in the SMC at present (Bildsten
et al. 1997; Kahabka et al. 1999; Lamb et al. 1999; Macomb et al. 1999), 13 have been discovered within
1.5 years: from the end of 1997 to the middle of 1999. Most are considered to be Be-XBPs based on their
transient nature and/or an optical Be counterpart.
We report here on the discovery and analysis of AX J0058−7203, one of the newly discovered pulsars
during the pulsar rush episode (Yokogawa, Koyama 1998). We also examine the flux variability using the
archives of ASCA and ROSAT, and propose to classify this source as a Be star binary system in the SMC.
Observations ASCA observed a SMC region centered at R.A.= 00h59m26s−5pt.2pt3, Dec.= −721001200−5pt.2pt5
(equinox 2000) on 1997 November 14 to 15, during the AO-6 cycle. The primary target of this observation
was N66, one of SNRs in the SMC region. Details concerning the ASCA satellite as well as its instruments
(GIS: Gas Imaging Spectrometer, SIS: Solid-state Imaging Spectrometer) and X-ray telescope (XRT) can
be found in Tanaka et al. (1994), Ohashi et al. (1996), Makishima et al. (1996), Burke et al. (1991) and
Serlemitsos et al. (1995). As is the nominal case, two GISs (GIS 2, 3) and SISs (SIS 0, 1) were operated in
parallel.
AX J0058−7203 was in the eld of view of the GISs and SISs at  130 o-axis positions. We excluded the
data taken during the South Atlantic Anomaly or at an elevation angle less than 5 or the passage through
a region where cut-o rigidity is lower than 6 GeV. In addition, we employed a rise-time discrimination
technique to reduce particle events for the GIS data. After these lterings, the net exposure times were 
35 ks for GIS and  31 ks for SIS.
Results and Analysis
X-Ray Image and Source Identication A combined GIS image (GIS 2 + GIS 3) is shown in gure
1. The accurate position of this source was determined using two SIS images (SIS 0 and 1) to be R.A.=
00h57m53s−5pt.2pt3, Dec.= −720204600−5pt.2pt5 with an error circle of  4000 in radius (Gotthelf 1996;
ASCA News 4, 31), hence, we designate this source as AX J0058−7203. Two other X-ray pulsars are
serendipitously located in the GIS eld: 1SAX J0054.9−7226 with a pulsation periodof 58.969 s (Santangelo
et al. 1998) at the top left and 1SAX J0103.2−7209 with a pulsation period of 345.2 s (Israel et al. 1998) at
the bottom right of gure 1. This demonstrates an extremely high density of X-ray pulsars of the central
region of the SMC.
gure le=g1.eps,width=0.9 GIS hard-band image (2.0{7.0 keV): X-ray photons from the source are
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extracted from the region shown with the solid line. The background spectrum was taken from the dotted
region, where the o-axis angle is almost the same as that of the source region. The calibration source
regions of GIS 2 (at the top right) and GIS 3 (bottom right) are hollowed out.
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